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Plan of lecture  


• Introduction 

• Measurement errors and uncertainties 

• Reduction of data 

• analysis of OSL shine down curves 

• analysis of OSL growth curves – calibration 

• calculation of DE value and reporting 

• Summary 
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Note
The following plot probably looks familiar to all of you. It represents the growth of OSL signal with regenerative dose applied in the laboratory for a single aliquot and shows a significant scatter of results, still better seen in the next plot. 



 Introduction
 

Note
Data points on this plot are not measured directly, they are obtained from raw data (OSL shine down curves) by a process called data reduction. The scatter is caused by measurement errors and these errors have to be carefully evaluated in the data reduction process to ensure the validity of final results. 



 

 

 

 

 

 

 

Measurement errors and 
uncertainties 

Measurement errors 

random errors 

systematic errors 

Accuracy and precision of measurements 


Uncertainty of measurements  



 

 
  

 

 
  

 

 
 

  

 

 

Measurement errors 


Error is the difference between the result of measurement 
and the value of the measurand. 

Measurement errors are usually categorized as random 
errors and systematic errors. 

When measurements are repeated under stable 
conditions: 

• random errors have unpredictable values, that follow 

some statistical distribution (normal, Poisson, etc.), 


• systematic errors have the same value. 

Note
Error (quantity) is the difference between the result of measurement and the value of the measurand. Error (phenomenon) is the phenomenon occurring as the deviation of the measured value from the true one. 



 

   

 

 

  

  

 

Measurement errors 


A reason for a random error is all uncontrolled factors that 

influence the result of measurement or the stochastic 

nature of the process (radioactive or excited state decay, 

interaction of radiation with matter, etc.). 

A reason for a systematic error may be incorrectly 

calibrated meter, improper physical model used in the 

measurement process (a real pendulum described as a 

mathematical pendulum), etc. 



 

  

 

 

  

 

 

Accuracy and precision 


Accuracy – concordance of the mean value of 

measurements with the value of measurand 

Precision – concordance of results of repeated 

measurements (under same conditions) 

Note
Accuracy – the mean value of all possible measurements equals the value of measured quantity. No systematic error.

Note
Precision – small scatter of repeated measurement results. 



 

 

Systematic errors influence accuracy, but not precision.
 

Note
Precise but inaccurate measurements.



 

 

Random errors influence precision, but not accuracy. 


Note
Accurate but imprecise measurements.



 

 

   

 

  

  

Uncertainty of result of 

measurement 

Uncertainty is a parameter associated with the result of 

measurement, that characterizes the dispersion of results. 

The basic type of uncertainty is the standard uncertainty 

which is a standard deviation of results (square root of 

variance of results). 



 

 

 

 

 

 

 

 

   

  

 

Reduction of data
 

Luminescence signals after regenerative dose and test  

dose are usually denoted as 𝐿 𝐷𝑟𝑒𝑔 , 𝑇 , their ratio  𝐷𝑡𝑒𝑠𝑡 
is a normalized OSL and let us denote it by 

𝐿 
𝑃 = 
𝑇 

They are obtained from analysis of an OSL shine down 

curve by either 

•	 simple integration and subtraction or by 

•	 isolating the fast OSL component through a complex 

curve fitting procedure. 

Note
In the remaining part we will assume that we have made OSL measurements on a single aliquot by SAR method, using a typical reader with a beta source installed. We will follow the typical process of data analysis, that is normally hidden from the user, to see how thousands of raw data are reduced into a single value of equivalent dose (and its uncertainty) absorbed by the aliquot. 



 

 

    

    

 

 

  

𝑓 𝑓 

𝑁𝑓 = 𝑁𝑖 𝑡𝑓 = 𝑡𝑖 
𝑖-1 𝑖-1 

𝑙 𝑙 

𝑁𝑏 = 𝑁𝑖 𝑡𝑏 = 𝑡𝑖 
𝑖-𝑙,𝑏+1 𝑖-𝑙,𝑏+1 

= 0 𝑢 𝑁 = 𝑘 𝑁, 𝑘 ≥ 1 𝑢 𝑡 

𝑡𝑓
𝐿 = 𝑁𝑓 , 𝑁𝑏 𝑡𝑏 

𝑡𝑓 
2 

𝑢𝑐 𝐿 = 𝑢2 𝑁𝑓 + 𝑢2 𝑁𝑏 𝑡𝑏  

 

Analysis of OSL shine down curve
 
𝑁𝑖, 𝑡𝑖 , 𝑖 = 1,2, … 𝑙 

𝑇, 𝑢𝑐(𝑇) 

𝐿, 𝑢𝑐(𝐿) 

Note
Luminescence growth data – traditional analysis of OSL curve.

Note
In OSL dating we use signal that is rapidly bleached by exposure to sunlight, so we take the blue part of the curve that is dominated by easily bleachable (or fast) component and the black part that is dominated by a hard-to-bleach component (or slow component), and subtract the latter from the first. 



 

 

 

  

 

Analysis of OSL shine down curve 

𝑇, 𝑢𝑐(𝑇) 

𝐿, 𝑢𝑐(𝐿) 

𝐼 𝑡 = 𝐼0𝑖 ∙ exp(,𝜆𝑖 ∙ 𝑡) 
𝑖 

𝐼0𝑓, 𝑢 𝐼0𝑓 , 𝜆𝑓, 𝑢 𝜆𝑓 , 𝑢(𝐼0𝑓, 𝜆𝑓) 

 𝐿 = 
𝐼0𝑓 

𝜆𝑓 

 𝑢𝑐 𝐿 = 𝐿 
𝑢 𝐼0𝑓 
𝐼0𝑓 

2 

+ 
𝑢 𝜆𝑓 
𝜆𝑓 

2 

, 2 
𝑢(𝐼0𝑓, 𝜆𝑓) 

𝐼0𝑓 ∙ 𝜆𝑓 

Note
Luminescence growth data – de-convolution.

Note
Or, we isolate the fast component of OSL signal by fitting an appropriate function to OSL shine down data. u(I_0f, lambda_f) – the covariance between I_0f and lambda_f estimators. 



 OSL growth 

 𝑃 = 𝑎0 + 𝑎1 ∙ 𝐷 

Fitting  the linear function by LSM yields the calibration parameters  

𝑎0, 𝑢 𝑎0 , 𝑎1, 𝑢 𝑎1 ,  𝑢 𝑎0, 𝑎1 

Note
After analyzing (reducing) all OSL curves we may draw the growth plot. 

Note
We assume the linear growth function. 



that enable calculation of the absorbed equivalent dose:   

 𝐷𝐸 = 
𝑃0 , 𝑎0 
𝑎1 

 𝑢𝑐 𝐷𝐸 = 
𝑢𝑐 
2 𝑃0 

𝑎1 
2 + 
𝑢2 𝑎0 

𝑎1 
2 + 

𝑃0 , 𝑎0 2 

𝑎1 
4 𝑢2 𝑎1 + 2 

𝑃0 , 𝑎0 
𝑎1 
3 𝑢 𝑎0, 𝑎1 

Note
The reduction is done, but there is still one source of error not accounted for – the beta source calibration. 



Uncertainty of calibration of the

beta source  

 

Assume that the relative  standard uncertainty of the 

source calibration is p  (for example 0,02 or 2%).  

That means, we have to add this contribution  to obtain  the 

overall uncertainty in  DE    

 

 

𝑢𝑐 𝐷𝐸 = 
𝑢𝑐 
2 𝑃0 

𝑎1 
2 + 
𝑢2 𝑎0 

𝑎1 
2 + 

𝑃0 , 𝑎0 2 

𝑎1 
4 𝑢2 𝑎1 + 2 

𝑃0 , 𝑎0 
𝑎1 
3 𝑢 𝑎0, 𝑎1 + 𝑝𝐷𝐸 2 

Note
Uncertainty calculated as above is u_c(D_E) = 1.1 Gy

Note
Omitting the correlation term would give a bigger value u_c(D_E) = 1.5 Gy



  

   

  

 Summary 

We have seen how a dozen of OSL curves, containing 

thousands of raw numerical data, may be reduced, 

resulting in a value of equivalent dose and its combined 

uncertainty: 

  𝐷𝐸, 𝑢𝑐 𝐷𝐸 

Note
However, the next story begins here, namely, how to deal with the distribution of DE values if it is not normal, and what value to use to calculate the OSL age.



 Questions?
 



 Thank You !
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